Ionic liquid crystals (ILCs) represent a class of compounds that are constituted by cations and anions and are able to adopt a mesomorphic state. A mesomorphic state is an intermediate state between the perfect ordered crystalline solid state and that of the totally disordered liquid state. Nowadays, liquid crystalline materials can be found in wide range of applications, such as in displays, molecular sensors and detectors, and as highly ordered solvents for many chemical reactions. The 1-dodecyl-3-methylimidazolium is considered as one of the most well-known examples of a rod-like shaped ILC cation. The driving forces for the formation of mesophases in thermotropic ILCs are thought to be hydrophobic interactions between large alkyl groups, van der Waals interactions; Coulombic forces between ions; dipole-dipole interactions; hydrogen bonding and cation-π as well as π-π interactions of the commonly used aromatic core groups. Only a balance of all these interactions could promise the formation of a mesophase. By studying these interactions in ILCs it is hoped to gain fundamental insights into the structures of ILs, which is clearly required for rational design of such materials. Fundamental questions need to be answered here: how does one design a cation-anion combination that results in an IL capable of forming a mesophase? What are the necessary factors for an ionic mesophase formation? In order to provide answers, we report a series of ILs with asymmetric cations, all of which are structural isomers of 1-dodecyl-3-methylimidazolium. In our present study, we synthesize and characterize a series of 1,3-dialyklimidazolium ILs with an identical integral length equal to 13 methyl/methylene carbons and an imidazolium head group, but different symmetries. For all salts, bromide was chosen as the counter ion, giving the series ([CnCm]Br), where Cn and Cm are varying N-alkyl substituents with n + m = 13. Thus the effect of symmetry on the thermal transitions and particularly mesophase formation, can be studied systematically.
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The purities of all the compounds are proven by NMR spectroscopy, mass spectrometry, and single crystal X-ray structures could be obtained for compounds 1-tridecylimidazolium bromide ( (Figure 1, bottom) . Both textures are characteristic of a lamellar smectic A phase. Temperature dependent SAXS data obtained at beamline A2 support the assignment of lamellar phases. The primary d-spacing peak (d(100)) represents the average interlayer distance in the lamellar structure. As shown in Figure 1 , both compounds exhibit layered structures in the crystalline and liquid crystalline phase. Two diffraction peak for [C0C13]Br emerge in the small-angle region. Both peaks are consistent with a d-spacing of 20.5 Å at 25 °C corresponding to the (001), the most intense peak in the low angle region, and (002) reflections, respectively. This is in agreement with the data from single-crystal XRD. In the mesophase at 90 °C, the layer distance extends to 29 Å. This is possibly due to a dispersing alkyl chain arising from formation of mesophase. [C1C12]Br exhibits similar lamellar structures. The calculated layer spacing from the SAXS data are 24 Å for crystalline state and and 30 Å in the mesophase. For both compounds, an extending layer distance from crystalline state to liquid crystalline state was observed. According our crystal data, the layer spacing in the crystalline state and in the mesophase can be explained by a model shown in Figure 2 N N H 2n+1 C n C m H 2m+1
Br n = 0, 1, 2, 3, 4, 5, 6 m = 13 -n (left). Compound C2C11 exhibits no LC behavior. The single crystal data provides an insight into the relationship between structure and the likelihood of mesophase formation: the positively charged imidazolium rings are forced by H-bonds to align directly face-to-face conformations. It might be argued that the elimination of liquid crystallinity is a consequence of this face-to-face conformation: The crystal system would expand during the heating process due to additional thermal energy. This would induce two positively charged imidazolium planes to move closer to each other and lead to a repulsive force between the layers. As a result, the attractive van der Waals interaction between the alkyl chain stacks is not strong enough to stabilize a liquid crystalline state, and the compound melts directly into an isotropic liquid without exhibiting mesomorphic properties. A representative illustration is shown in Figure 2 (right). 
